H 5 ) 2 ], (II), are reported. The NHC 7 H 13 group in (I) provides two significant hydrogen-donor sites in N-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds, needed for a one-dimensional hydrogen-bond pattern along [100] in the crystal, while (II), with a (C 6 H 5 CH 2 ) 2 N moiety, lacks these hydrogen bonds, but its three-dimensional supramolecular structure is mediated by C-HÁ Á Á interactions. The conformational behaviour of the phenyl rings in (I), (II) and analogous structures from the Cambridge Structural Database (CSD) were studied in terms of flexibility, volume of the other group attached to phosphorus and packing forces. From this study, synclinal (AEsc), anticlinal (AEac) and antiperiplanar (AEap) conformations were found to occur. In the structure of (II), there is an intramolecular C ortho -HÁ Á ÁO interaction that imposes a +sc conformation for the phenyl ring involved. For the structures from the CSD, the +sc and AEap conformations appear to be mainly imposed by similar C ortho -HÁ Á ÁO intramolecular interactions. The large contribution of the CÁ Á ÁH/HÁ Á ÁC contacts (32.3%) in the two-dimensional fingerprint plots of (II) is a result of the C-HÁ Á Á interactions. The differential scanning calorimetry (DSC) analyses exhibit peak temperatures (T m ) at 109 and 81 C for (I) and (II), respectively, which agree with the strengths of the intermolecular contacts and the melting points.
Introduction
Conformational studies are of great interest not only due to their importance in biological systems and drug design but also for purely scientific considerations, such as the study of nonrigid segments in the solid state and in solution (Mattern et al., 2000; Hopfinger & Battershell, 1976; Fang et al., 2014; Gholivand & Pourayoubi, 2004) . The relationship between conformational behaviour and molecular packing has been extensively studied, and there are many examples of conformations imposed by intra-and intermolecular interactions and conformational preferences, typically in organotin systems (Buntine et al., 1998) , amides and acids (Dauber & Hagler, 1980) and polypeptide chains (Gregoret & Cohen, 1991) . The effect of conformational flexibility on the existence of two (or more) symmetry-independent molecules in the crystal, disordered structures and the formation of polymorphs were also Flack (1983) , 1505 Friedel pairs -Absolute structure parameter 0.6 (3) -experiments were studied again in a different solvent (i.e. DMSO-d 6 ).
2.1. Synthesis 2.1.1. Synthesis of (C 6 H 5 O) 2 P(O)(NHC 7 H 13 ), (I). Compound (I) was prepared from the reaction of diphenylphosphoryl chloride and cycloheptylamine (1:2 molar ratio, reaction time 4 h, ice-bath temperature) in dry CHCl 3 . The solvent was removed in a vacuum and the solid which formed was washed with distilled water. Colourless single crystals suitable for X-ray analysis were obtained at room temperature from a mixture of CH 3 OH and CHCl 3 (4:1 v/v).
Analytical data: colourless prism-shaped crystal; m.p. 109 C. IR (KBr, cm À1 ): 3240, 3052, 2918, 2860, 1591, 1488, 1317, 1242, 1196, 1162, 1075, 1013, 929, 894, 826, 779, 744, 686, 651. 31 P{ 1 H} NMR (243 MHz, DMSO-d 6 ): À0.41. 1 H NMR (601 MHz, DMSO-d 6 ): 1.25-1.33 (m, 2H), 1.35-1.45 (m, 4H), 1.45-1.56 (m, 4H), 1. 67-1.75 (m, 2H), 3.19-3.29 (m, 1H), 5.80 (dd, J = 13.7, 9.7 Hz, 1H, NH), 7.19 (t, J = 7.4 Hz, 2H), 7. 21-7.25 (m, 4H), 7.36-7.42 (m, 4H) . 13 C{ 1 H} NMR (151 MHz, DMSO-d 6 ): 23.20, 27.61, 36.71 (d, J = 5.3 Hz), 52.84, 120.12 (d, J = 4.9 Hz), 124.62, 129.71, 150.79 (d, J = 6.4 Compound (II) was prepared from the reaction of diphenylphosphoryl chloride and dibenzylamine (1:2 molar ratio, reaction time 4 h, ice-bath temperature) in dry CHCl 3 . The solvent was removed in a vacuum and the solid which formed was washed with distilled water. Colourless single crystals suitable for X-ray analysis were obtained at room temperature from a mixture of CHCl 3 and CH 3 CN (4:1 v/v).
Analytical data: colourless block-shaped crystal; m.p. 81 C. IR (KBr, cm À1 ): 3434, 2999, 2790, 2630, 2483, 1745, 1629, 1592, 1490, 1454, 1369, 1244, 1210, 1099, 1017, 915, 751, 692. 31 P{ 1 H} NMR (122 MHz, DMSO-d 6 ): À11.63. 1 H NMR (301 MHz, DMSO-d 6 ): 4.10 (m, 4H, CH 2 ), 6. 98-7.03 (m, 2H), 7.15-7.18 (m, 4H), 7.22-7.29 (m, 4H), 7.39-7.40 (m, 2H), 7.40-7.43 (m, 4H), 7.50-7.54 (m, 4H) . 13 C{ 1 H} NMR (76 MHz, DMSO-d 6 ): 50. 35, 120.38 (d, J = 5.3 Hz), 122.66, 129.07, 129.34, 129.43, 130.52, 132.36, 154.05 (d, J = 6.8 Hz 
Refinement
Crystal data, data collection, and structure refinement details are summarized in Table 1 . The ab initio iterative charge-flipping method was used to solve the crystal structure of (I); the parameters are described elsewhere (van der Lee, 2013) . For both (I) and (II), all carbon-bound H atoms were placed at calculated positions and refined as riding, with U iso (H) values set at 1.2U eq of the respective carrier atoms. However, the position of atom H171 was refined with a soft distance and two angle restraints with respect to the parent N17 atom. All soft restraints used in these refinements have been described by Waser (1963) and Rollet (1965) . The standard uncertainty (s.u.) used for the N-H distance restraint was 0.02 Å and for the two angle restraints was 2 . The structure of (I) was refined in the space group Pn2 1 a as an inversion twin; the structure solution in the centrosymmetric space group Pnma was investigated but was found to be much more disordered with respect to the cycloheptane ring than the model in Pn2 1 a. The latter model is, however, not completely free from disorder, as is shown in the displacement ellipsoid plot (Fig. 1) . A model with the cycloheptane ring disordered over two distinct positions was not significantly better than the model shown in Fig. 1 , so the undisordered model was preferred, using some soft distance restraints (with an s.u. of 0.01 Å ), as well as restraints on the atomic displacement parameters for the atoms in the cycloheptane ring. The s.u. values for the vibration restraints were taken between 0.001 and 0.005 Å 2 , and for the thermal similarity restraints between 0.01 and 0.02 Å 2 . The Flack (1983) parameter refined to 0.6 (3) and an a posteriori Hooft analysis based on maximum likelihood estimation and Bayesian statistics gave a probability of the chance of having a racemic twin of 99.86%, with a Hooft parameter of 0.6 (1) (Hooft et al., 2008) .
Results and discussion
P1-O3 angles for (II). The sum of the surrounding angles at the N atom, i.e. C-N-P + P-N-H + H-N-C for (I), shows a difference of about 2.5 with respect to the bond-angle sum for ideal sp 2 hybridization (360 ), while the bond-angle sum of 2 Â P-N-C + C-N-C for (II) shows a practically planar environment at the N atom.
The P O bond lengths [1.4645 (18) Å for (I) and 1.4578 (10) Å for (II)] are comparable to those in analogous compounds and are slightly longer than the normal P O double-bond length (1.45 Å ; Corbridge, 1995) . The P-N bond lengths [1.607 (2) Å for (I) and 1.6232 (11) Å for (II)] are standard for structures with an (O) 2 P(O)(N) skeleton and are smaller than a typical P-N single-bond length (Corbridge, 1995) .
The P-O-C bond angles are 120.7 (3) (P1-O2-C3) and 119.7 (3) (P1-O10-C11) in (I), and 122.79 (8) (C1-O2-P1) and 119.73 (8) (C7-O3-P1) in (II) indicate an sp 2hybridization state for the O atoms, similar to the P-O-C angles in analogous structures with similar P(Y)(O-C) 2 (N) (Y = O and S) skeletons (Sabbaghi et al., 2016) .
The similar torsion angles describing the environment around the P-N unit are close to each other for the two compounds. Thus, the O9-P1-N17-C18 torsion angle [0.96 (7) ] in (I) is close to the O1-P1-N1-C13 torsion angle [À4.83 (12) ] in (II) and, similarly, O2-P1-N17-C18 [129.9 (5) ] and O10-P1-N17-C18 [À129.4 (5) ] of (I) are close to the O2-P1-N1-C13 [122.07 (10) ] and O3-P1-N1-C13 [À134.84 (10) ] torsion angles of (II), respectively. In addition to these, the O9-P1-N17-H171 (162.39 ), O2-P1-N17-H171 (À68.65 ) and O10-P1-N17-H171 (32.05 ) torsion angles of (I) have values close to the O1-P1-N1-C20 [173.29 (10) ], O2-P1-N1-C20 [À59.82 (11) ] and O3-P1-N1-C20 [43.28 (11) ] torsion angles of (II), respectively. On the other hand, the C20 atom of (II) occupies the equivalent position to the H171 atom of (I).
In the next section, the conformations of the phenyl rings in (I) and (II) and the varieties of conformations observed in analogous structures available in the CSD are investigated in order to depict a comparative study and understand the effects of substitution and packing forces on the conformations of the phenyl rings.
CSD analysis
3.2.1. Comparative studies with analogous compounds available in the CSD. The bond lengths of the 162 molecules obtained from the CSD were extracted (see Table S1 in the supporting information) and the averages of the bond lengths were compared with similar bond lengths in title compounds Hydrogen-bond geometry (Å , ) for (I). Hydrogen-bond geometry (Å , ) for (II).
Cg1, Cg2 and Cg3 are the centroids of the C1-C6, C14-C19 and C7-C12 rings, respectively. Symmetry codes: (i) Àx; Ày þ 1; Àz þ 1; (ii) x; y À 1; z; (iii) Àx þ 1; Ày; Àz.
Figure 2
Displacement ellipsoid plot (50% probability level) for (II), showing the atom-numbering scheme.
(I) and (II) (Fig. 3a) . The bond lengths of (I) and (II) match with each other, as well as with the calculated averages ( Fig. 3a ). Slight but not significant variations are observed for (I) with respect to the C3-C4, C3-C8, C11-C12 and C11-C16 bonds, and all other bond lengths match with the standard deviations of the average values. In terms of bond angles, six were measured at the P atom and the data are listed in Table S2 in the supporting information. The averages of the bond angles calculated from the CSD structures are highly correlated with the title compounds, except for O2-P1-O10 of (I), which is smaller than all the other bond angles (Fig. 3b ), due to the effect of the neighbouring bulky cycloheptyl ring. A comparative analysis of torsion angles/conformations was also provided which will be discussed in the next section ( Fig. 3c and Table S3 in the supporting information). Compounds (I) and (II) were superimposed with eight atoms constituting the (CCO)(O)P(O)(NC) skeleton [i.e. O2, P1, O9, O10, N17, C11, C16, and C18 of (I), and O2, P1, O1, O3, N1, C7, C12 and C13 of (II)], with an r.m.s. deviation of 0.08 Å . Phenyl rings C11-C16 of (I) and C7-C12 of (II) adopt a similar antiperiplanar (ap) conformation with a slight difference in the orientation [Àap for (I) and +ap for (II)]. The conformation is considered based on the C-O-P-O torsion angle and the angles ranging from AE150 to 180 denote an AEap conformation. The seven-membered ring (atoms C18-C24) of (I) is closely aligned with the C14-C19 phenyl ring of (II) 
Figure 4
Superposition of compounds (I) and (II), both shown in a ball-and-stick model and with C atoms coloured cyan for (I) and green for (II). The O, N and P atoms are coloured red, blue and orange, respectively. The distance between the two phenyl rings from the seven-membered ring of (I) is marked. The conformational change of phenyl ring 1 of (II) in comparison with a similar ring in (I) is shown with a green arrow.
( Fig. 4 ). From the viewpoint of conformational changes, the significant difference between the two compounds arises due to the bulky C21-C26 phenyl-ring substituent at the N atom in (II). To accommodate this phenyl ring, another phenyl ring (C1-C6) rotates away and adopts a synclinal position (+sc), compared with an Àap orientation for the corresponding phenyl ring in (I). The distances between the rings are gathered in Table S4 of the supporting information. In (I), the seven-membered ring is located between the phenyl rings at almost equal distances from both, viz. 5.94 Å from phenyl ring C3-C8 and 5.71 Å from phenyl ring C11-C16 (see Fig. 4 and Table S4 in the supporting information).
3.2.2. The phenyl-ring conformations. In the previous section, the Àap conformation for phenyl rings 1 (atoms C3-C8) and 2 (C11-C16) of (I), and the +sc and +ap conformations, respectively, for phenyl rings 1 (C1-C6) and 2 (C7-C12) of (II) were introduced. Based on the torsion angles, the 162 molecules extracted from the CSD are divided into 22 groups. The Àap and +ap conformations are consistent with a trans orientation, so they can be combined together for a comparative study (Fig. 3c ). From Fig. 3 (c) and Table S3 in the supporting information, it is evident that 32 structures adopt +sc and AEap conformations, and 46 structures adopt AEap and AEap conformations. Fig. 5(a) shows the superposition of the CSD structures corresponding to (I) and (II) with the structures of the title structures.
In (I), the angle between the planes of the phenyl rings is 26.1 (3) and the torsion angles of À178.2 (4) for C3-O2-P1-O10 and À179.7 (4) for C11-O10-P1-O2 define the Àap conformation for phenyl rings 1 and 2, as noted. The 14 molecules ZIFYIW-Mol1 (Aparna et al., 1995) , LEQRIK01-Mol2 (Gholivand et al., 2013) , YEVSAT (Herrmann et al., 1994) , FIBROY-Mol1 (Gholivand et al., 2005) , OFESEZ-Mol2 (Safin et al., 2013) , BIFYUN (Das et al., 2018) , BIFXIA-Mol1 (Das et al., 2018) , BOGPOC (Drewelies & Pritzkow, 1982) , UREDUR-Mol1 (Sabbaghi et al., 2011b) , KAVVAE-Mol1 (Zá k et al., 1989) , SOYCUE-Mol1 (Richter et al., 1991) , SOYCUE-Mol2 (Richter et al., 1991) , OFESAV-Mol1 (Safin et al., 2013) and WIBKUN-Mol1 (Rebrova et al., 1993) adopt a similar conformation (Àap and Àap) and their phenyl rings are similar to those in (I) ( Fig. 5b and Table S3 in the supporting information). There are slight variations in some structures due to torsion-angle variations and bulk substitution in the phenyl rings or at the N atom, which are common and have been observed in previously reported structures (Simon et al., 2017) . For example, YEVSAT and FIBROY-Mol1 have methyl substitution at the 4-position in the phenyl rings. Due to this effect, the phenyl rings are slightly disor- iented with respect to the other structures. Similarly, UREDUR-Mol1 and FIBROY-Mol1 have a bulky phenyl group attached at an N-atom position and, due to this substitution, the phenyl rings are slightly twisted in comparison with the other structures.
As was discussed earlier, the AEap conformations adopt a similar trans orientation. For example, OFESAV-Mol1 adopts Àap and Àap conformations, and OFESAV-Mol2 adopts +ap and +ap conformations, and both molecules are perfectly aligned with each other, as well as with compound (I). Similarly, KAVVAE-Mol1 (Àap/Àap), KAVVAE-Mol2 (+ap/+ap), LEQRIK01-Mol1 (+ap/+ap), LEQRIK01-Mol2 (Àap/Àap), SOYCUE-Mol1 (Àap/Àap), SOYCUE-Mol2 (Àap/Àap), WIBKUN-Mol1 (Àap/Àap) and WIBKUN-Mol2 (+ap/+ap), which adopt AEap conformations, also fit well with (I) (Fig. 5c ).
In (II), the planes of the phenyl rings make a dihedral angle of 59.40 (5) , which is $33 greater than the corresponding angle in (I). There are 11 molecules in the CSD with conformations like those observed in (II) (i.e. +sc and +ap). These are WEWVUP (Allcock et al., 1994) , WIHPIM (Balakrishna et al., 1994) (Du et al., 2001) , and there is no remarkable difference between these 11 molecules and (II).
Due to the similar orientation of the AEap conformation, the +sc and Àap conformations are also aligned well with compound (II). There are 21 structures which adopt +sc and Àap conformations ( Table S3 in the supporting information). For example, AFASIK (Krishna et al., 2007) , VIDYUC (Ammon et al., 1991) and KABZIW (Attanasi et al., 1988) can also be superimposed with compound (II), and all are perfectly aligned with (II) (Fig. 5d ). From the CSD comparison results, a trans (AEap) conformation is one of the preferred conforma- 
Figure 7
The graph-set motifs in (I).
tions for the two phenyl rings in molecules with the P(O)(OPh) 2 N skeleton. Out of 162 molecules, 46 molecules adopt AEap/AEap conformations, which are similar to compound (I) (Fig. 3c) . Similarly, 32 molecules adopt sc and AEap conformations, which are similar to compound (II). The next most frequent conformations (25 molecules) are AEap and Àsc, which are the preferred alternative conformations similar to compound (II). Thus, for 124 out of 162 molecules either both phenyl rings or one of the phenyl rings adopts a trans conformation ( Fig. 3c and Table S3 in the supporting information).
3.2.3. Intra-and intermolecular interactions. In the crystal of (I), adjacent molecules are linked through moderate N-HÁ Á ÁO and weak C-HÁ Á ÁO intermolecular hydrogen bonds, forming a linear arrangement along the a axis (Fig. 6a ). The NHC 7 H 13 group provides the two donor sites needed for these two hydrogen bonds. Compound (II) lacks an N-H group and a seven-membered ring, which prevents the formation of similar hydrogen bonds, except for the C6-H6AÁ Á ÁO1 intramolecular hydrogen bond with an angle of 125 . This structure possesses more phenyl rings than that of (I), and its threedimensional (3D) supramolecular assembly is built from C-HÁ Á Á interactions (Table 5 ). Fig. 6(b) shows a view of the crystal packing in the structure of (II).
It is quite interesting that the recently published structure of diphenylcyclohexyl aminophosphonate (CSD refcodes BIFXIA and BIFYUN) is the closest structure to (I). The reference structure (Das et al., 2018) has a six-membered ring attached to the N atom, while compound (I) has a sevenmembered ring. Both structures can be superimposed well, and the H atom attached to the N atom is oriented on the same side (Fig. 6c ). The N-HÁ Á ÁO hydrogen-bond pattern and the molecular packing of BIFYUN resemble those in compound (I) (Fig. 6d) .
Another feature of the intramolecular interactions is related to the phenyl-ring conformation (with the assistance of the bulk effect, which was discussed previously). In the structure of (II), the phenyl ring with the +sc conformation is the one involved in intramolecular C-HÁ Á ÁO hydrogen bonding. A CSD survey reveals that it is quite common that the O atom of the P O group is involved in intramolecular C-HÁ Á ÁO interactions with one of the phenyl rings when it adopts an +sc or AEap conformation. For example, the typical structures with the CSD refcodes XABSEZ, UCOHAV-Mol3, QABZIF (Warren et al., 2016) , IYAMEA-Mol1 (Cadierno et al., 2004b) and EROJAX (Sabbaghi et al., 2011a) The hydrogen-bond network of (I) includes R 1 2 (7) and C(4) graph-set motifs, as shown in Fig. 7 (for graph-set notation, see Bernstein et al., 1995) .
Hirshfeld surface analysis
3.3.1. Hirshfeld surface maps and fingerprint plots. The intermolecular interactions of (I) and (II) were further studied by Hirshfeld surface (HS) analysis, including 3D HS maps, two-dimensional (2D) fingerprint (FP) plots and electrostatic energy frameworks. The HSs mapped with d norm and the corresponding shape-index-associated 2D FP plots of (I) and (II) were generated using the CrystalExplorer software (Version 3.1; Wolff et al., 2013) , and the corresponding CIFs were used as the input files ( Figs. 8 and 9 ). In the HS of (I), the N-HÁ Á ÁO P and C-HÁ Á ÁO P hydrogen bonds appear as large (label 1) and small (label 2) red areas (Fig. 8a) , and in the HS of (II), the small and pale-red areas are related to C-HÁ Á Á interactions (Fig. 9a ). It should be noted that in the HS maps, the contacts shown in red highlight intermolecular interactions with distances shorter than the sum of the van der Waals radii (McKinnon et al., 2007) .
Figs. 8(b)-(i) and 9(b)-(i) illustrate the FPs for (I) and (II), respectively. For both structures, the HÁ Á ÁH contacts represent the largest relative contribution [66.3% for (I) ( Fig. 8f ) and 58.4% for (II) ( Fig. 9f )], with one sharp spike for structure (I) (the shortest d e = d i ' 1.1 Å ). The other interactions are OÁ Á ÁH/HÁ Á ÁO, CÁ Á ÁH/HÁ Á ÁC and CÁ Á ÁC for both structures, and OÁ Á ÁC/CÁ Á ÁO and NÁ Á ÁH/HÁ Á ÁN for (II), with the percentages of contributions as given in the figures. It should be noted that the relatively large contribution of the CÁ Á ÁH/ HÁ Á ÁC contacts (32.3%) ( Fig. 9g ) in (II) is a result of the presence of C-HÁ Á Á interactions.
3.3.2. Energy frameworks. In order to better understand the crystal packing and visualize the interaction topologies of (I) and (II), an energy framework analysis was carried out using CrystalExplorer software (Thomas et al., 2018) . The electrostatic, polarization, dispersion and exchange-repulsion energies of the interactions between the molecules are calculated for (I) ( Fig. 10 and Table S5 in the supporting information) and (II) ( Fig. 11 and Table S6 shown for (II). The largest pairwise energies calculated are À89.9 ( Table S5 in the supporting information) and À47.3 kJ mol À1 (Table S6 in the supporting information) for (I) and (II), respectively. In both structures, the energy distribution patterns are different. The energy frameworks for (I) form zigzag molecular sheets and for (II) form parallel sheets. However, the dispersion energies outweigh the electrostatic energies in all cases. In general, (I) has higher electrostatic energies than (II), which is visually evident from Figs. 10 and 11 , and the 3D network topologies confirmed the significant contribution of the N-HÁ Á ÁO and C-HÁ Á ÁO interactions in (I), and the C-HÁ Á Á interactions in (II). It should be noted that the energies can be affected by conformational changes, similar to what was observed for the relationship of the C 6 H 5 O segments in (I) and (II), which show the absence of C-HÁ Á Á interactions in (I) but their presence in (II). Energy frameworks for (II). The molecular arrangement of (II) viewed along (a) the a, (b) the b and (c) the c directions, and shown as ball-and-stick models. (d)-(f) Representions of the electrostatic term (red colour), (g)-(i) the dispersion term (green colour) and (j)-(l) the total interaction energy (blue colour). H atoms have been omitted for clarity. structures were used for a comparative study with the title compounds (I) and (II). The figures were rendered using PyMOL (Schrö dinger, 2015).
CSD data set

DSC study
The thermal properties of the two title structures were studied by differential scanning calorimetry (DSC) analysis. The peaks in the DSC plots in Figs. 12(a) and 12(b) are at 109 and 81 C for (I) and (II), respectively, and correspond to the melting of the compounds. The higher melting point of (I) can be directly correlated to the greater strength of the intermolecular contacts with respect to (II), as was discussed in the X-ray crystallography (x3.1) and energy framework (x3.3.2) sections. Furthermore, the thermal nature of the crystal is expected to be related to the flexibility of the molecule. The Hirshfeld rigid-bond test was also conducted for (I) and (II) (Hirshfeld, 1976) in order to understand the flexible natures of the structures. According to the rigid-bond test, the meansquared displacement amplitudes do not show any significant bond deviation within 5.0 for both structures, except for three bonds of (I), namely P1-O2 (5.2 ), C3-C4 (5.2 ) and C11-C16 (6.0 ), which show slight differences. In fact, this result is consistent with the CSD data, and these bond lengths vary slightly from the average obtained from the CSD data and the structure of (II) ( Fig. 3a and Section x3.2.1) . In any case, it is likely that there is conformational flexibility for these two structures and this is consistent with the CSD, Hirshfeld rigid-bond and energy framework studies.
Software used to prepare material for publication: CRYSTALS (Betteridge et al., 2003) for (I); SHELXL2018 (Sheldrick, 2015b ) for (II). 
Diphenyl (cycloheptylamido)phosphate (I)
Crystal data
Refinement
Refinement on F 2 Least-squares matrix: full R[F 2 > 2σ(F 2 )] = 0.052 wR(F 2 ) = 0.103 S = 0.95 3338 reflections 221 parameters 79 restraints Primary atom site location: iterative Hydrogen site location: difference Fourier map H atoms treated by a mixture of independent and constrained refinement Method, part 1, Chebychev polynomial, (Watkin, 1994 , Prince, 1982 [weight] = 1.0/[A 0 *T 0 (x) + A 1 *T 1 (x) ··· + A n-1 ]*T n-1 (x)] where A i are the Chebychev coefficients listed below and x = F /Fmax Method = Robust Weighting (Prince, 1982) W = [weight] * [1-(deltaF/6*sigmaF) 2 ] 2 A i are: 19.6 25.7 7.98 (Δ/σ) max = 0.001 Δρ max = 0.32 e Å −3 Δρ min = −0.54 e Å −3 Absolute structure: Flack (1983) , 1505 Friedelpairs Absolute structure parameter: 0.6 (3) Refinement. Data collection and crystal screening for (I) was performed on a Rigaku Oxford-Diffraction Gemini-S diffractometer with sealed-tube Mo-Kα radiation using the CrysAlisPro program (Rigaku Oxford-Diffraction, 2012) . This program was also used for the integration of the data using default parameters, for the empirical absorption correction using spherical harmonics employing symmetry-equivalent and redundant data, and the correction for Lorentz and polarization effects. The ab-initio iterative charge flipping method was used to solve the crystal structure of (I) with parameters described elsewhere (van der Lee, 2013) employing the Superflip program (Palatinus&Chapuis, 2007) and it was refined using full-matrix least-squares procedures on squared structure factor amplitudes F 2 as implemented in CRYSTALS (Betteridge et al., 2003) using all independent reflections with I>0.
Special details
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.021 Δρ max = 0.27 e Å −3 Δρ min = −0.34 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Data collection and crystal screening for (I) was performed on a Rigaku Oxford-Diffraction Gemini-S diffractometer with sealed-tube Mo-Kα radiation using the CrysAlisPro program (Rigaku Oxford-Diffraction, 2012) . This program was also used for the integration of the data using default parameters, for the empirical absorption correction using spherical harmonics employing symmetry-equivalent and redundant data, and the correction for Lorentz and polarization effects. The ab-initio iterative charge flipping method was used to solve the crystal structure of (I) with parameters described elsewhere (van der Lee, 2013) employing the Superflip program (Palatinus&Chapuis, 2007) and it was refined using full-matrix least-squares procedures on squared structure factor amplitudes F 2 as implemented in CRYSTALS (Betteridge et al., 2003) using all independent reflections with I>0.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
